Chagas disease is an infection caused by the protozoan *Trypanosoma cruzi* ([@B1]), which can be transmitted to humans in various ways, such as through infected bugs (Insecta, Hemiptera, Reduviidae), via a congenital route or through a blood transfusion. Chagas disease is an important medical and social problem in many Latin American countries and is associated with significant morbidity and mortality. In Brazil, according to the National Serologic Survey conducted from 1975-1980, the states with the highest rates of prevalence were Rio Grande do Sul, Minas Gerais (MG), Bahia (BA) and Goiás. Currently, the prevalence of Chagas disease in these states remains significant, especially among the elderly ([@B18]). Approximately 1.5-2 million people in Brazil are infected with *T. cruzi* and 20% of the population are at risk of acquiring the infection ([@B19]).

MG has historical significance in the study of Chagas disease, with high rates of morbidity and mortality over the past eight decades. Currently, it is estimated that there are approximately 600 thousand infected individuals living in the state. In parallel, MG remained infested with important household triatomine vectors for several decades, chiefly before 1980 ([@B13], [@B22]).

The recent history of Chagas disease control started in the late 1940s in Bambuí, a western municipality of MG, with the discovery of 25 acute cases of Chagas disease and the first trials of effective insecticides against domestic triatomines. Since 1943, under the leadership of Emmanuel Dias, the Center for the Study and Prevention of Chagas Disease, now the Emmanuel Dias Research Center (PAEED), has published numerous studies related to the clinical diagnosis, epidemiology, treatment and control of vectorial transmission of *T. cruzi*infection and others. Insecticide campaigns conducted between 1944-1958 by the PAEED contributed to the reduction of the household vector, leading to the disappearance of cases of acute Chagas disease in urban and suburban areas of Bambuí ([@B3], [@B7]). The model developed by the PAEED served as the basis for the Chagas Disease Control Program carried out by the Superintendence of Public Health Campaigns ([@B24]). In 1974, Bambuí was the first Brazilian municipality to implement epidemiological surveillance with community participation ([@B10], [@B9]). In spite of the success of the vector control program, Bambuí still stands out among the other MG municipalities as one of the areas of greatest morbidity and mortality for Chagas disease, which are today restricted to adult and elderly populations ([@B8], [@B15]).

Given the historical importance of Chagas disease in Bambuí, a clinical and epidemiological study of the disease was conducted in the county to evaluate the impact of Chagas disease control activities and contribute to the current management of the disease in endemic areas.

The municipality of Bambuí is located in midwestern MG, in a region called the Campos das Vertentes (20º00'21''S 45º58'37''W), and is 270 km from the capital, Belo Horizonte ([Fig. 1](#f01){ref-type="fig"}). It has an area of 1,455,82 km^2^, comprising approximately 22.734 inhabitants ([@B14]). Bambuí is currently divided into 203 localities, of which 179 (88%) are rural, and its economy is based on milk, coffee, rice, corn, soybeans and sugarcane. A cross-sectional study was conducted from February 2011-March 2012 in the resident population, in users from the Municipal Unique Health System and in residents of rural areas where household triatomine detection had occurred between 2004-2010. Every study participant had to (i) sign a consent form (National Committee in Ethical Research/Brazilian Ministry of Health, register 0008.0.245.000-09), (ii) register personal data (address, nationality, date of birth and gender) and (iii) permit a blood sample collection (3 mL) for serological analysis according to established protocols. The samples were tested by the Laboratory of Parasitology of the Ezequiel Dias Foundation (Belo Horizonte) for anti-*T. cruzi*IgG antibodies using an enzyme immunoassay (ELISA) (BioManguinhos^®^), indirect haemagglutination-inhibition (BioMérieux) and indirect immunofluorescence (IFI) (BioManguinhos). Any samples found to be positive in at least two serological reagent tests were retested to confirm the result. All the data were tabulated (Excel 2010) and analysed statistically (BioEstat v.5.0 - Windows^®^) using the chi-square test and the Pearson correlation (p \< 0.05 and 95% confidence interval).

Fig. 1: Brazil map highlighting the state of Minas Gerais (MG) (A) and MG map showing Bambuí location and its neighbouring municipalities, referring to the capital Belo Horizonte (B).

A sample size of 393 individuals was calculated using n~0~ = 1/E^2^ and S = N. n~0~/N + n~0~ \[where n~0~ = initial sample, E = margin of error (5%), S = sample and N = population\]. Serum samples were collected from 1,782 Bambuí residents, of whom 1,376 (77.2%) were natives of this municipality, 175 (9.8%) were from neighbouring municipalities, 165 (9.3%) were from other MG municipalities and 66 (3.7%) were from other federal units. Women represented 62.8% (1,119/1,782) of the study population and men 37.2% (663/1,782). The study sample was considered representative of the municipality, covering 49% (99/203) of the municipal localities (all urban localities and 75 rural localities). Individuals in the study were aged between four-99 years, with a median of 49 years (average = 48 ± 18.5). The 138 samples positive for anti-*T. cruzi*antibodies represented an overall prevalence of 7.7% chagasic infection, with no significant difference between genders (51 ♂ and 87 ♀, X^2^ = 0.004, p = 0.94) ([Table I](#t01){ref-type="table"}). In both genders, the positive samples were in individuals aged over 60 years, except for two women under the age of 45 ([Fig. 2](#f02){ref-type="fig"}). The most frequently observed clinical form of Chagas disease was the cardiodigestive form ([Table II](#t02){ref-type="table"}). There was a strong positive correlation between age and Chagas disease in both men (r = 0.75, p = 0.008) and women (r = 0.73, p = 0.01). There was a higher number of both false negatives and false positives in the haemagglutination test than in either the ELISA or IFI tests ([Table III](#t03){ref-type="table"}).

TABLE I- Number of patients with positive serology for *Trypanosoma cruzi* according to place of birth, gender and age group obtained in a serological survey conducted in the municipality of Bambuí, state of Minas Gerais (MG), Brazil           Individuals by age group (in years) (n)  Individuals♂♀ Place of birthn (%)(n)(n)30-3940-4950-5960-6970-7980 and \>MunicipalitiesBambuí106 (76.82)42641410413515Neighbouring municipalitiesMedeiros10 (7.26)19\-\--46-Iguatama6 (4.35)24-1211  1Córrego Danta4 (2.90)22\-\--121Tapiraí3 (2.18)12\-\--21-Doresópolis2 (1.45)11\-\--2\--Luz1 (0.72)1\-\-\-\--1-Piumhí1 (0.72)1\-\-\--1\--São Roque de Minas1 (0.72)-1\-\--1\--Other MG municipalitiesSão Pedro da Ponte Firme1 (0.72)-1\-\--1\--Janaúba1 (0.72)-1-1\-\-\--Monte Carmelo1 (0.72)-1\-\--1\--Other federal unitsEspírito Santo1 (0.72)-1\-\--1\--Total138 (100)51871612564617

Fig. 2: number of seropositivity for *Trypanosoma cruzi*of men (A) and women (B) according to age group. The gray bars indicate negative results and the black positive serology.

TABLE II- Classification of patients according to Chagas disease clinical formClinical formGender  Female n (%)Male n (%)Total n (%)Indeterminate6 (8.82)8 (24.24)14 (13.86)Digestive7 (10.29)0 (0)7 (6.93)Cardiac20 (29.41)10 (30.30)30 (29.70)Cardiodigestive35 (51.47)15 (45.45)50 (49.50)Total68 (100)33 (100)101 (100)[^1]

TABLE III- Performance of serological tests for evaluation by *Trypanosoma cruzi* infection in the general population sampled in the municipality of Bambuí, state of Minas Gerais (MG), BrazilELISA n (%)Indirect immunofluorescence n (%)Haemagglutination-inhibition n (%)RNRINDRNRINDR139 (7.8)125 (89.9)12 (8.6)2 (1.4)130 (93.5)9 (6.4)-NR1,639 (92)-1,638 (99.9)1 (0.06)21 (1.28)1,617 (98.6)1 (0.06)IND4 (0.2)-3 (75.0)1 (25.0)2 (50.0)2 (50.0)-[^2]

The number of *T. cruzi*seropositive individuals in the study reflects the impact of the vector control programme performed regularly in Bambuí since the 1950s and the Chagas disease surveillance initiated in 1974. Historical data reported overall prevalence rates above 50% in the 1940s and 1950s, with individuals infected from early childhood, in contrast with the current survey ([@B5], [@B7]). Control activities, started in 1955 and covering the whole municipality, immediately resulted in the disappearance of acute cases and was followed by a gradual reduction in chronic cases at low ages ([@B6]). These data ([@B6]) strongly suggest that vectorial transmission of Chagas disease was halted in the late 1960s. Similar data have been recorded in the state of São Paulo (SP) since the 1970s, through systematic serological surveys of populations in areas undergoing vector control programmes, with striking reduction of *T. cruzi* seropositivity in younger individuals (de [@B2]). According to the PAEED records, the last acute case of Chagas disease was diagnosed in Bambuí in 1969, just prior to the establishment of the surveillance work in the municipality. In spite of more general factors, such as demographic emptying of the countryside and a progressive reduction of poor quality rural housing, the main determinant in reducing the Chagas disease prevalence in Bambuí must be considered to be due to the fumigation programme begun in the 1940s and optimised in the following decades. According to previously published data, Bambuí was virtually free of domestic triatomines between 1957-1961, especially after a widespread purge carried out between 1956-1958; *Triatoma infestans* was last detected in Bambuí in 1977 ([@B7]). Since the beginning of 1970, the population of *T. infestans* has decreased drastically throughout Brazil, with only occasional residual foci in BA ([@B22]). Following the control of this triatomine, native (autochthonous) species such as *Panstrongylus megistus, Triatoma brasiliensis, Triatoma pseudomaculata, Triatoma sordida, Triatoma rubrovaria, Rhodnius neglectus*and*Rhodnius nasutus*can occasionally invade the domestic environment and even begin small colonies ([@B12], [@B20]). The existence of *P. megistus* in Bambuí's natural environment may result in the eventual invasion of domestic ecotopes by adult all over the municipality, mainly during the warmer months of the year. Since 1974, notifications of this triatomine have progressively declined, ranging from 80-90 in the early years, to between 15-25 of annual reports in the last seven years ([@B23], [@B8]). These domestic captures are usually of adult insects, most likely originating from sylvatic ecotopes within the vicinity of the house; these insects could colonise both the intradomiciliary and peridomiciliary environments if the focus is not detected and eliminated ([@B11]). The reduction in the prevalence of human infections of*T. cruzi* after the effective control of household vectors was predicted by Emmanuel Dias in 1957 and was observed through seroepidemiological surveys in 1965, 1974 and 1980. This reduction is consistent with the reduction observed in SP from 1968 ([@B4], [@B21], de [@B2]). Currently, the transmission of human Chagas disease has virtually disappeared in Bambuí. In parallel with vector prophylaxis, effective control of the few blood transfusions that occur in the municipality (by the official system of the Foundation Center of Hematology of the State of Minas Gerais) and virtual disappearance of congenital transmission of Chagas disease (because of the absence of infection in women of childbearing age) have been observed in Bambuí ([@B13], [@B16], [@B18]). A more detailed investigation of the Chagas disease transmission in the two \< 45-year-old women in this study who were infected with *T. cruzi* discovered that their mothers had Chagas disease. This indicates that congenital transmission may have occurred, because there were no reports of triatomine bugs, blood transfusion or oral infection. According to [@B7], the last reported case of vectorial transmission in Bambuí occurred in 1968. One of the *T. cruzi*-infected younger women had two children; both children were tested for *T. cruzi* infection, with non-reagent serological results. The discordant results observed were expected. We followed the recommendations of the Brazilian Consensus in Chagas Disease (MS 2005) for the interpretation of results: every individual had to have at least two positive serological results to be considered infected with *T. cruzi*. The present investigation revealed a significant residue of human Chagas disease in individuals who were certainly infected many years previously. In this context, the large number of patients with the cardiodigestive form of Chagas disease was expected. Due to the success of the vector control programme and no antecedent transfusions, it is believed that these two cases of Chagas disease in younger women were due to congenital infection, as the PAEED records showed that their mothers were *T. cruzi* seropositive. Ethically, the infected individuals need follow-up medical care consisting of parasitology and clinical investigations, electrocardiographic and radiological examinations, as well as supportive and specific treatment where appropriate. As the next step in this survey, this medical care is in the final review stage and will be the subject of further publications.
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[^1]: this work still have 37 patients (19 women and 18 men) who did not attend the clinical consultation.

[^2]: n = 1,782. IND: indeterminated; NR: non-reagent; R: reagent.
